INTRODUCTION {#sec1-1}
============

Cleansing and shaping of the root canal system are among the important phases in endodontic therapy.\[[@ref1]\] Nevertheless, it is recognized that chemo - mechanical instrumentation alone is unable to completely disinfect root canal systems.\[[@ref2]\] Furthermore, remaining bacteria in the root canal after instrumentation has been shown to proliferate between appointments.\[[@ref3]\] Hence, an antibacterial agent, such as calcium hydroxide, could be used as an intra-canal medicament.

Calcium hydroxide was introduced to dentistry by Herman\[[@ref4]\] in 1920 and since then has become widely used in several different clinical situations.\[[@ref5]\] Because of its bactericidal properties; it is often used as an intra-canal medicament. The antimicrobial activity of calcium hydroxide is attributed directly to the release and diffusion of hydroxyl ions (OH^--^), resulting in increased pH locally.\[[@ref6]\]

Intra-canal application of this medicament is also a well -- established method for inhibition of external root resorption and stimulation of periapical healing in traumatized teeth.\[[@ref7][@ref8]\] It is thought that absence of cemental layer following trauma may lead to the opening of dentinal tubules to the periodontal space. Therefore intra-canal medicaments could reach areas of resorption in the periodontal ligament space. Calcium hydroxide has an alkaline pH of 12.5, making it a desirable medicament in the treatment of resorptive processes.\[[@ref9]\]

Diffusion of hydroxyl ions through dentin may be dependent on various factors such as: Interaction between dentin and ions, dentin permeability, guided by tubules anatomy (size, diameter, and density) and characteristics of the solute (size, charge).\[[@ref10]\]

Many substances have been added, as vehicle, to the calcium hydroxide powder to improve the antibacterial properties of this medicament.\[[@ref11]\] Chlorhexidine gluconate (CHX) is recognized as an effective oral antimicrobial agent with a broad antibacterial spectrum.\[[@ref12]\] CHX combined with Ca (OH) 2 has recently been advocated as a suitable compound to apply for intra-canal medication.\[[@ref13]\]

Calcium hydroxide has been widely used as an intra-canal medicament for retreatment of failed cases.\[[@ref14][@ref15]\] The purposes of intra-canal medication in retreatment cases are to eliminate bacteria, prevent their proliferation, act as a barrier against their ingress and cut off their nutrient supply.\[[@ref16]\] During the retreatment procedure, the openings of dentinal tubules may be obstructed with remaining sealer and gutta-percha. This phenomenon may impact on the diffusion and penetration of hydroxyl ions through dentinal tubules.

Since, the diffusion dynamic of hydroxyl ions through dentin and its consequent pH changes at the root surfaces of retreated teeth have not been studied; the purpose of this study was to investigate the *in vitro* pH changes at the root surfaces of retreated and non-retreated teeth following the placement of two different calcium hydroxide root canal dressings.

MATERIALS AND METHODS {#sec1-2}
=====================

Fifty-five extracted human permanent teeth with single canal were selected and stored in sodium azide (NaN3) solution. Teeth with cracks, restorations, and open apices were excluded. Adherent soft tissue was mechanically removed with care not to damage the root surface. Before the beginning of the experiment, all teeth were washed under tap water and stored individually in sterile saline.

A coronal access cavity preparation was made in a conventional manner and the root canal working length was determined at 1 mm short of the major apical foramen. Root canal preparation was performed by standard step back technique using K-files (Dentsply, Maillefer, Ballaigues, Switzerland) to \# 35 master apical file. A standard flare was produced by the insertion of \# 3 to \# 5 Gates-glidden drills (Dentsply, Maillefer). Irrigation during cleansing and shaping was accomplished using 2.5% sodium hypochlorite (Paksan, Tehran, Iran). After the completion of the instrumentation, the root canals were irrigated with 10 ml of 17% EDTA (Merk, Germany) followed by 10 ml of 2.5% NaOCl to remove the smear layer and finally rinsed with copious amounts of distilled water. Three wells were drilled on the center of cervical, middle, and apical third at the buccal root surfaces of all teeth, using a \# 008 high-speed bur. The cavities were 0.75 mm deep and 1.5 mm in diameter. The prepared wells were then cleansed with 1 ml of 17% EDTA for 5 min, followed by a 5 ml flush of 2.5% hypochlorite to remove the smear layer, then rinsed with distilled water. The teeth were randomly divided into 5 groups, each containing 11 teeth.

Group A: The root canals were obturated with creamy mixture of calcium hydroxide (Golchai, Tehran, Iran) and saline solution.

Group B: The root canals were obturated with creamy mixture of calcium hydroxide and 2% CHX (Merk, Germany).

Group C and D: The root canals were obturated with gutta-percha and AH26 sealer (Dentsply, Maillefer), using standard lateral condensation technique.

The specimens were stored in containers with an unbuffered isotonic saline saturated cotton wool for 72 h, allowing the sealer to set. Afterward, gutta percha was removed from the canals, using chloroform and file. Teeth in group C and D were obturated with creamy mixture of calcium hydroxide and saline or CHX, as the manner of group A and B respectively. Group E served as the negative control group and the canals were left empty after preparation.

The coronal access cavities were sealed with Celtosol (Golchai, Tehran, Iran) and then were placed into individual vials containing cotton saturated with unbuffered isotonic saline, to ensure 100% humidity.

After 24 h, the pH was measured to determine the baseline pH. For measuring the pH, every tooth was rinsed in saline solution until the wells were filled with this solution. After 5 min a Tornesol paper (Merk, Germany) was immersed into the solution in the prepared cavities. Discoloration of the Tornesol paper in comparison with a pH determination guide (with accuracy of 0.5 per pH unit) was recorded. These procedures were conducted at 3, 7 and 14 days. At every interval time, each tooth was removed from its vial and rinsed with saline to ensure that each well was filled with solution. At the end of each stage, the teeth were returned to its vial with newly placed cotton saturated with saline.

As pH values are logarithmic, nonparametric statistics were applied to compare pH values at the root surface between groups: Kruskal - Wallis one way analysis of variance followed by Mann -- Whitney U test for individual comparisons. The resulting pH values from each group at cervical, middle and apical levels were compared using one-way analysis of variance (ANOVA) followed by an unpaired t- test.

RESULTS {#sec1-3}
=======

The results indicated that pH values at the surface of the roots in the non-retreated groups were significantly higher in comparison to the retreated groups (*P* value \< 0.001). Comparison of the pH values among all groups showed that, non-retreated teeth obturated with calcium hydroxide and saline solution have significantly higher pH average at all time periods (*P* value \< 0.001).

In the non - retreated groups, calcium hydroxide paste with saline (Group A) produced the highest mean pH at day 3 in the apical region (pH 9.9). At day 3, the highest pH value between groups was observed at the apical third (pH 10.5) \[[Table 1](#T1){ref-type="table"}\]. Calcium hydroxide paste with 2% CHX (group B) showed the highest mean pH value at day 3 in the apical region (pH 8.7) \[[Table 2](#T2){ref-type="table"}\].
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Mean ± S.D. pH changes of calcium hydroxide and chlorhexidine in the non-retreated group
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The pattern of pH changes in the retreated and control group at the three surface levels was nearly identical throughout the duration of the experiment. The average baseline pH in retreated and negative control group was similar (pH 6.9-7.2).

The average pH in every tooth was significantly different at each surface level (*P* value \< 0.001). The highest measurement was recorded for the apical region.

Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"} show the mean pH values in the cervical, middle and apical third for the 5 groups. The average pH in the non-retreated teeth was significantly higher at all surface levels (*P* value \< 0.001).
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DISCUSSION {#sec1-4}
==========

This *in vitro* study compared the pH changes over time, in the cervical, middle and apical area on the surface of extracted teeth, following retreatment and after application of two different calcium hydroxide pastes.

Calcium hydroxide has been recommended for use as intra-canal medicament based on its antibacterial, anti-resorptive and tissue dissolving properties.\[[@ref7][@ref17]\] The alkaline environment created by the calcium hydroxide in the dentin may interfere with the resorptive activity of dentinoclasts that require an acidic environment to achieve mineral dissolution.\[[@ref18]\]

The use of calcium hydroxide as the disinfectant of choice in endodontic retreatment of infected root - filled teeth with apical periodontitis has been questioned.\[[@ref19]\] In a study by Sundqvist *et al*.,\[[@ref20]\] calcium hydroxide eliminated E.faecalis when they were present in low numbers (as in infected teeth without previous root fillings), but not in teeth with previous root fillings where E.faecalis was found in higher numbers. Besides disinfection, penetration of calcium hydroxide dressings into deep dentinal tubules has another property: anti-resorption. The alkaline environment created at the surfaces of root dentin, following calcium hydroxide pastes placement into the root canal, could be useful in the external root resorption cases.\[[@ref7][@ref17][@ref21]\]

The results of this study demonstrated that after calcium hydroxide pastes were placed into the root canals, pH in cavities prepared on the surfaces of the non- retreated teeth, increased as opposed to the retreated samples. This may be partly due to the obstruction of dentinal tubules by the remaining gutta-percha and sealer. It is supposed that in the retreatment cases removing more layers from the inner dentinal walls to expose more patent tubules may be helpful to attain the aforementioned properties of calcium hydroxide pastes.

The difference in diffusion of hydroxyl ions through dentin at different root surface levels may be dependent on various factors. Nerwich *et al*.\[[@ref22]\] demonstrated that when calcium hydroxide pastes were placed into the root canals of extracted teeth, the hydroxyl ions diffused more quickly through dentin in the cervical third of the root than in the apical third. A study by Esberad *et al*.\[[@ref9]\] revealed similar results, although these differences were not significant. These findings could be explained by the presence of more tubules with a large diameter in the cervical third. By contrast, Chamberlain *et al*.\[[@ref23]\] and Kwon *et al*.\[[@ref24]\] demonstrated that pH values were higher at the apical area in comparison to coronal third. In the present study we have attained similar findings. Because of less thickness of dentin in the apical area, if dentinal tubules are patent, the hydroxyl ions could penetrate into the dentin and reach to the root surface area faster, in comparison with the coronal part. In this study, pattern of pH change in the non-retreated and control group at all three regions was nearly identical throughout the duration of the experiment.

Esberard *et al*.\[[@ref9]\] showed similar results. The pH in cavities on the root surface rapidly increased from control values (pH 7.8) to greater than pH 9.0 within three days, followed by a small decline to pH 9.0 over the next 18 days. In our study, pH in the non-retreated teeth increased up to day 3, at different areas on the root surfaces. Afterward, the pH values declined up to day 14.

Dissociation of calcium hydroxide is dependent on the constitution, quantity and buffering capacity of the surrounding medium as well as the medicament vehicle.\[[@ref18]\] The medicament vehicle plays an important role in the velocity of ionic dissociation and overall disinfection process.\[[@ref11]\]

CHX has a reasonably wide range of antimicrobial activity and it is more effective at alkaline than acidic pH\[[@ref12]\]. Shafer *et al*.\[[@ref12]\] reported that 2% CHX gluconate was significantly more effective against E.faecalis than a calcium hydroxide paste used alone, or a mixture of the two. In a study by agar diffusion, Haenni *et al*.\[[@ref13]\] could not demonstrate any additive antibacterial effect by mixing calcium hydroxide powder with 0.5% CHX. They showed that at a pH greater than 10, due to the deprotonation of CHX, the solubility and interaction of CHX with bacterial surfaces might be hampered. Although calcium hydroxide did not lose its antibacterial properties in such a mixture; chemical interaction with cationic CHX molecules, with an acidic pH (approximately 6.3), may decline the concentration of the hydroxyl ions and subsequently the pH value.

In this study we observed that pH values at the root surfaces were significantly higher in calcium hydroxide and saline group in comparison with calcium hydroxide and CHX group. Therefore it is recommended that in cases when increasing pH at the root surfaces is critical for clinician (i.e. avulsion and external root resorption), it is better not to use an acidic carrier such as CHX.
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